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1
CONTROL DEVICE FOR HYBRID VEHICLE

TECHNICAL FIELD

The present invention relates to a control device of a hybrid
vehicle and particularly to the control when a clutch is slip-
engaged to crank and start an engine for switching to an
engine running mode.

BACKGROUND ART

A hybrid vehicle is known (a) that includes an engine
connected via a clutch to a power transmission path and a
rotator acting at least as an electric motor and (b) that is
capable of an engine running mode in which the clutch is
engaged to use at least the engine as a drive force source for
running and a motor running mode in which the clutch is
released to use the rotator as the drive force source for running
(see Patent Document 1). When such a hybrid vehicle is
switched to the engine running mode during stop of the
engine with the clutch released, the clutch is typically slip-
engaged to crank and start the engine before the clutch is
completely engaged.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Laid-Open Patent Publication
No. 11-285107

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

If'a clutch is slip-engaged to crank an engine in this way, a
clutch temperature is increased by heat generation due to
friction and, therefore, a friction material etc. may be dam-
aged by overheating. In this regard, although still unknown, it
is conceivable that when the clutch temperature exceeds a
predetermined temperature (such as a thermal limitation), the
clutchis forcibly released to cause arotator to generate a drive
force for running and that when the temperature drops, the
clutch is engaged again to make a shift to the engine running
mode. In this case, since a shock (drive force variation) occurs
due to inertia of the engine when the clutch is engaged, this
must be compensated by a torque of the rotator, and the torque
of the rotator is limited by a compensation torque during
running in a clutch release state in preparation for the clutch
engagement after the temperature drop. Since an engine
torque cannot be utilized and the torque of the rotator is
limited at this point, a driver may have a feeling of strangeness
because of an insufficient drive force.

The present invention was conceived in view of the situa-
tions and it is therefore an object of the present invention to
prevent a driver from having a feeling of strangeness because
of an insufficient drive force when a switching to an engine
running mode is performed such that the clutch is forcibly
released due to an increase in clutch temperature to cause a
rotator to generate a drive force for running and that when the
temperature drops, the clutch is engaged again to make a shift
to the engine running mode.

Means for Solving the Problem

To achieve the object, the first aspect of the invention
provides a control device of a hybrid vehicle including (a) an
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engine connected via a clutch to a power transmission path
and a rotator acting at least as an electric motor, the hybrid
vehicle being configured to execute (b) an engine running
mode in which the clutch is engaged to use at least the engine
as a drive force source for running and a motor running mode
in which the clutch is released to use the rotator as the drive
force source for running, (c) the control device putting the
clutch into slip engagement to crank and start the engine
before the clutch is completely engaged at the time of switch-
ing to the engine running mode during stop of the engine with
the clutch released, (d) the control device of the hybrid
vehicle, when a clutch temperature reaches a predefined value
atthe time of switching to the engine running mode, releasing
the clutch and causing the rotator to generate a drive force for
running while controlling a rotation speed of the engine to
synchronize rotation speeds before and after the clutch.

The second aspect of the invention provides the control
device of a hybrid vehicle recited in the first aspect of the
invention, wherein (a) the engine is directly coupled via the
clutch to the rotator, and wherein (b) to synchronize the
rotation speeds before and after the clutch, a shifting is per-
formed in a shifting portion disposed in the power transmis-
sion path to make a rotation speed of the rotator that is a
rotation speed on the power transmission path side of the
clutch equal to an idle rotation speed of the engine while the
engine is controlled such that a target rotation speed of the
engine is the rotation speed of the rotator after the shifting.

Effects of the Invention

When the clutch temperature reaches the predefined value
and the clutch is released at the time of switching to the engine
running mode, the control device of the hybrid vehicle as
described above controls the rotation speed of the engine such
that the rotation speeds before and after the clutch are syn-
chronized and, therefore, the shock (drive force variation) is
reduced when the clutch is engaged for the shift to the engine
running mode after the temperature drop. This eliminates or
reduces the need for torque compensation at the time of clutch
engagement and, when the drive force is generated by the
rotator for running, limitation of a torque for the torque com-
pensation is eliminated or reduced. Therefore, a driver is
prevented from having a feeling of strangeness because of an
insufficient drive force.

In the second aspect of the invention, since the engine and
the rotator are directly coupled via the clutch, and a shifting is
performed in the shifting portion to make the rotation speed of
the rotator equal to the idle rotation speed of the engine while
the engine is controlled such that the target rotation speed is
the rotation speed of the rotator, that is, the engine is con-
trolled such that the target rotation speed is the idle rotation
speed, the engine rotation speed can highly accurately and
surely be controlled by an idle rotation speed control device
etc., and the shock at the time of clutch engagement can
properly be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a general configuration including a
schematic of a hybrid vehicle to which the present invention
is preferably applied, with a main portion of a control system.

FIG. 2 is a diagram for explaining the engine running mode
and the motor running mode which are selected by a hybrid
control means of FIG. 1.

FIG. 3 is a flowchart for specifically explaining switching
control to the engine running mode provided by an engine
running switching means of FIG. 1.
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FIG. 4 is an example of a time chart illustrating changes of
portions in the case that, when the hybrid vehicle is switched
to the engine running mode in accordance with the flowchart
of FIG. 3, a KO clutch is temporarily forcibly released due to
a heat failure (thermal limitation).

MODE FOR CARRYING OUT THE INVENTION

Although a dry or wet single-plate or multi-plate friction
clutch is preferably used as a clutch, the clutch can be another
clutch capable of slip engagement (engagement transmitting
atorque while permitting relative rotation) such as a magnetic
powder clutch. An engine may be an internal combustion
engine generating power from combustion of fuel and is
directly connected via the clutch to a rotator, for example, and
the disposition position of the rotator is appropriately defined
within a range in which a drive force can be generated when
the clutch is released. Although an electric motor can be used
as the rotator, a motor generator having a function of an
electric generator can also be employed.

In an engine running mode, at least the engine is used as a
drive force source for running and, although only the engine
may be used as the drive force source for running, both the
engine and the rotator can be used as the drive force source for
running. The switching to the engine running mode corre-
sponds to the case of switching from a motor running mode to
the engine running mode in association with an increase in
demanded drive force by a driver, for example, or may be any
switching to the engine running mode performed by cranking
and starting the engine with the clutch slip-engaged from an
engine stop state in which at least the clutch is released.

The clutch is controlled such that, for example, when a
clutch temperature exceeds a predetermined engagement
inhibition temperature dependent on a thermal limitation, the
clutch is inhibited from being slip-engaged and is forcibly
released and that the clutch is allowed to be slip-engaged or
completely engaged when the clutch temperature becomes
equal to or less than an engagement inhibition cancelation
temperature. The clutch temperature may be detected by a
temperature sensor or can be obtained from calculation by
obtaining a heat generation amount and a heat discharge
amount from an engagement torque and a slip engagement
time of the clutch.

If the clutch is released, the engine is controlled through
feedback control etc., such that the rotation speed of the
engine becomes equal to a synchronization rotation speed (an
engine rotation speed at which the clutch is synchronized) to
synchronize the rotation speeds before and after the clutch, or
both the rotation speed of the engine and the rotation speed on
the power transmission path side may be controlled as in the
second aspect of the invention. If the engine and the rotator
are directly coupled via the clutch, the control may be pro-
vided such that the rotation speeds thereof are substantially
matched and, for example, the engine may be controlled by
using the actual rotation speed of the rotator as the target
rotation speed of the engine. The present invention is appli-
cable even when reduction gears etc. are interposed between
the engine and the rotator along with the clutch and, even in
such a case, the same effect as the second aspect of the
invention is acquired by performing a shifting in a shifting
portion disposed in a power transmission path such that the
clutch is synchronized when the engine is operated at an idle
rotation speed.

For example, an automatic transmission interposed in the
power transmission path can be used as a shifting portion of
the second aspect of the invention, and the rotation speed on
the power transmission path side of the clutch can be changed

10

15

20

25

30

35

40

45

50

55

60

4

to the idle rotation speed through the shift control of the
automatic transmission. If a fluid power transmission device
with a lockup clutch is included, the lockup clutch can be used
as the shifting portion to change the rotation speed on the
power transmission path side of the clutch through the slip
control of the lockup clutch. The synchronization may be
achieved at a rotation speed other than the idle rotation speed
in the implementation of the other aspects of the invention.

Although the synchronization of the rotation speeds before
and after the clutch means providing control such that the
rotation speeds are substantially matched, rotation variations
may be included due to pulsation of engine rotation or hunting
of control, and a rotation speed difference of about a few tens
of rpm may be included due to an error in control etc.

Example

An example of the present invention will now be described
in detail with reference to the drawings.

FIG. 1 is a diagram of a general configuration including a
schematic of a drive system of a hybrid vehicle 10 to which
the present invention is preferably applied. The hybrid
vehicle 10 includes an engine 12 that is an internal combus-
tion engine such as a gasoline engine and a diesel engine
generating power from combustion of fuel, and a motor gen-
erator MG acting as an electric motor and an electric genera-
tor, as drive force sources. The output of the engine 12 and the
motor generator MG is transmitted from a torque converter 14
that is a fluid power transmission device via a turbine shaft 16
and a C1 clutch 18 to an automatic transmission 20 and
further transmitted via an output shaft 22 and a differential
gear device 24 to left and right drive wheels 26. The torque
converter 14 includes a lockup clutch (L/U clutch) 30 directly
coupling a pump impeller to a turbine impeller, and the pump
impeller is integrally connected to an oil pump 32 and is
mechanically rotationally driven by the engine 12 and the
motor generator MG to generate and supply an oil pressure to
a hydraulic control device 28. The lockup clutch 30 is
engaged or released by an electromagnetic hydraulic control
valve, a switching valve, etc. disposed in the hydraulic control
device 28 and can be engaged in a predetermined slip state
through hydraulic control. The motor generator MG corre-
sponds to a rotator.

The engine 12 includes an idle rotation speed control
device 36 such as an idle rotation speed control valve (ISC
valve) capable of controlling an idle rotation speed NEidl in a
range from the lowest idle rotation speed NEidl1 to the high-
est idle rotation speed NEid12. A KO clutch 34 is disposed
between, and directly couples, the engine 12 and the motor
generator MG. The KO clutch 34 is a dry or wet friction clutch
frictionally engaged by a hydraulic cylinder. The KO clutch 34
is a hydraulic friction engagement device and acts as a con-
necting/disconnecting device connecting and disconnecting
the engine 12 to/from a power transmission path. The KO
clutch 34 is also engaged or released by a hydraulic control
valve, a switching valve, etc. disposed in the hydraulic control
device 28 and can be engaged in a predetermined slip state
through hydraulic control.

The motor generator MG is connected via an inverter 42 to
a battery 44. The automatic transmission 20 is a stepped
automatic transmission of planetary gear type etc., having a
plurality of gear stages with different gear ratios established
depending on engaged/released states of a plurality of
hydraulic friction engagement devices (clutches and brakes)
and is subjected to shift control by electromagnetic hydraulic
control valves, switching valves, etc., disposed in the hydrau-
lic control device 28. The C1 clutch 18 acts as an input clutch
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of the automatic transmission 20 and is also subjected to the
engagement/release control by the hydraulic control device
28. A belt type continuously variable transmission can be
used as the automatic transmission 20.

The hybrid vehicle 10 includes an electronic control device
70. The electronic control device 70 includes a so-called
microcomputer having a CPU, a ROM, a RAM, an /O inter-
face, etc., to execute signal processes in accordance with a
program stored in advance in the ROM, while utilizing a
temporary storage function of the RAM. The electronic con-
trol device 70 is supplied with signals indicative of a rotation
speed (engine rotation speed) NE of the engine 12, a rotation
speed (MG rotation speed) NMG of the motor generator MG,
an operation amount (accelerator operation amount) Acc of
an accelerator pedal, a rotation speed (output shaft rotation
speed corresponding to the vehicle speed V) NOUT of the
output shaft 22, and a temperature (clutch temperature) TK0
of'the KO clutch 34, from an engine rotation speed sensor 50,
an MG rotation speed sensor 52, an accelerator operation
amount sensor 54, a vehicle speed sensor 56, and a clutch
temperature sensor 58, respectively. Various pieces of infor-
mation necessary for various types of control are also sup-
plied. Although the clutch temperature sensor 58 detects, for
example, the temperature of the KO clutch 34 itself, the tem-
perature can be obtained by calculation from an engagement
torque (oil pressure), an engagement time, etc. or, if the KO
clutch 34 is a wet clutch, a temperature of a cooling medium
may be detected. The accelerator operation amount Acc cor-
responds to a demanded drive force by a driver.

The electronic control device 70 functionally includes a
hybrid control means 72, a shift control means 74, and an
engine running switching means 80. The hybrid control
means 72 controls the operations of the engine 12 and the
motor generator MG to switch a plurality of predefined run-
ning modes, for example, an engine running mode using the
engine 12 as the drive force source for running and a motor
running mode using the motor generator MG as the drive
force source for running, depending on an operation state
such as the accelerator operation amount Acc and the vehicle
speedV during running FIG. 2 is a diagram for explaining the
engine running mode and the motor running mode and, in the
engine running mode, the KO clutch 34 is engaged (o) to
connect the engine 12 to the power transmission path and the
engine 12 is operated (o). The motor generator MG is sub-
jected to power running control for an assist as needed during
acceleration etc. In the motor running mode, the KO clutch 34
is released (x) to separate the engine 12 from the power
transmission path and the operation of the engine 12 is
stopped (x) so that the motor generator MG is subjected to
power running control (o) for running depending on the
accelerator operation amount Acc. In the motor running
mode, the motor generator MG is subjected to regeneration
control under a certain condition to charge the battery 44
during inertia running at the accelerator operation amount
Acc of zero (accelerator-OFF).

The shift control means 74 controls the electromagnetic
hydraulic control valves, switching valves, etc. disposed in
the hydraulic control device 28 to switch the engaged/re-
leased states of the plurality of the hydraulic friction engage-
ment devices, thereby switching a plurality of the gear stages
of the automatic transmission 20 in accordance with a shift
map defined in advance by using an operation state such as the
accelerator operation amount Acc and the vehicle speed V as
a parameter.

If the hybrid control means 72 makes a determination of
switching to the engine running mode because of an increase
in the accelerator operation amount Acc of a driver or the
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vehicle speed V etc. during running in the motor running
mode, the engine running switching means 80 puts the KO
clutch 34 into the slip engagement to crank and start the
engine 12 and completely engages the KO clutch 34 after the
start of the engine for switching to the engine running mode.
The engine running switching means 80 also has a function
of, if the KO clutch 34 reaches the thermal limitation, forcibly
releasing the KO clutch 34 to prevent damage of the friction
material etc., providing synchronization control for synchro-
nizing the rotation speeds before and after the KO clutch 34,
and engaging the KO clutch 34 without torque compensation
after a drop in the clutch temperature so as to make a shift to
the engine running mode. In particular, the engine running
switching means 80 functionally includes a clutch engage-
ment control means 82, an engine start control means 84, and
a synchronization control means 86 and provides engine run-
ning switching control in accordance with a flowchart of F1G.
3. FIG. 3 includes steps S2, S3, S10, S11, and S13 corre-
sponding to the clutch engagement control means 82, step
S14 corresponding to the engine start control means 84, and
steps S5 to S9 corresponding to the synchronization control
means 86.

At step S1 of FIG. 3, it is determined whether the hybrid
control means 72 makes a determination of switching to the
engine running mode and, if a determination of switching is
made, the step S2 and later are executed. At the step S2, it is
determined whether the clutch temperature TK0 is equal to or
less than a predefined engagement inhibition temperature
TKO1 and, if TK0<TKO1 is satisfied, the step S13 and later
are executed to provide the switching control to the engine
running mode. The KO clutch 34 is slip-engaged at the step
S13 to crank the engine 12 and the fuel supply control and the
ignition timing control are provided at the step S14 to start the
engine 12. After the engine 12 is started, the KO clutch 34 is
completely engaged to terminate the shift to the engine run-
ning mode. At step S15, it is determined whether the KO
clutch 34 is completely engaged to terminate the shift to the
engine running mode, and the steps S2, S13, and S14 are
repeatedly executed until the shift is terminated. Ifthe shift is
terminated and the determination of the step S15 becomes
YES (affirmative), a sequence of the engine running switch-
ing control is terminated.

On the other hand, when the KO clutch 34 is slip-engaged
to crank the engine 12 in this way, the clutch temperature TK0
may be increased by heat generation due to friction, resulting
in damage of the friction material etc. due to overheating. The
engagement inhibition temperature TK01 of the step S2 cor-
responds to the thermal limitation of avoiding the damage of
the friction material of the KO clutch 34 due to overheating
and, if the clutch temperature TK0 exceeds the engagement
inhibition temperature TK01 (KO heat failure), the determi-
nation of the step S2 becomes NO (negative) and the step S3
is executed. At the step S3, the slip engagement of the KO
clutch 34 is inhibited and the KO clutch 34 is forcibly
released. As a result, a further increase in temperature is
prevented in the KO clutch 34 and the clutch temperature TK0
gradually drops due to heat discharge. Although the running
by the motor generator MG is continued at step S4, it is not
necessary in this example to secure a compensation torque Ta
for preventing the shock due to inertia of the engine 12 when
the KO clutch 34 is engaged at the step S11 and the motor
generator MG can be used up to the maximum torque TMG-
max for running.

At the next step S5, it is determined whether the MG
rotation speed NMG, i.e., the rotation speed on the power
transmission path side of the KO clutch 34 is within a range of
the lowest idle rotation speed NEidll to the highest idle
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rotation speed NEidl2 of the engine 12 and, if the rotation
speed is within this range, the step S9 is immediately
executed. At the step S9, the MG rotation speed NMG at this
point is set as a target rotation speed NEt of the engine 12 to
provide control such that the engine rotation speed NE
becomes equal to the target rotation speed NEt (=NMG) or, in
other words, such that the rotation speeds before and after the
KO clutch 34 are synchronized (substantially matched),
through the feedback control of the idle rotation speed control
device 36 etc.

On the other hand, if the determination of the step S5 is NO
(negative), i.e., if the MG rotation speed NMG is not within
the range of the idle rotation speed between NFEidll and
NEid12, the step S6 is executed to determine whether the MG
rotation speed NMG can be changed into the range of the idle
rotation speed between NEidl1 and NEid12 by the slip control
of the lockup clutch 30. In particular, if the lockup clutch 30
is in the completely engaged state, the MG rotation speed
NMG can be increased (raised) to some extent with the torque
of the motor generator MG by reducing an oil pressure to
cause the lockup clutch 30 to slip and, if the lockup clutch 30
is in the released state, the MG rotation speed NMG can be
reduced (lowered) until matching with a turbine rotation
speed NT by increasing an oil pressure to cause the lockup
clutch 30 to slip. If the MG rotation speed NMG can be
changed into the range of the idle rotation speed between
NEidl1 and NEidI2 by the slip control of the lockup clutch 30,
the step S7 is executed to slip the lockup clutch 30 to change
the MG rotation speed NMG into the range of the idle rotation
speed between NEidll and NEidl2. The lockup clutch 30
corresponds to a shifting portion changing the rotation speed
on the power transmission path side of the KO clutch 34 (the
MG rotation speed NMG) for synchronization.

If the determination of the step S6 is NO, i.e., if the MG
rotation speed NMG cannot be changed into the range of the
idle rotation speed between NEidll and NEidI2 by the slip
control of the lockup clutch 30, the step S8 is executed. At the
step S8, the gear stage of the automatic transmission 20 is
switched such that the MG rotation speed NMG falls within
the range of the idle rotation speed between NFEidll and
NEidI2. The automatic transmission 20 corresponds to the
shifting portion changing the rotation speed on the power
transmission path side of the KO clutch 34 (the MG rotation
speed NMQG) for synchronization.

After the MG rotation speed NMG is changed to fall within
the range of the idle rotation speed between NFEidll and
NEidI2 at the step S7 or S8, the step S9 is executed to set the
target rotation speed NEt of the engine 12 to the MG rotation
speed NMG at this point and the idle rotation speed control of
the engine 12 is provided.

At the next step S10, it is determined whether the clutch
temperature TKO drops to a predefined engagement inhibi-
tion cancelation temperature TK02 or less and, although the
step S4 and later are repeated while the clutch temperature
TKO is higher than the engagement inhibition cancelation
temperature TK02, the step S11 and later are executed if
TKO0<TKO02 is satisfied. At the step S11, the KO clutch 34 is
promptly completely engaged to make the shift to the engine
running mode and, at the step S12, the rotation speed control
of the engine 12 is canceled to provide the normal engine
output control generating a drive force corresponding to the
accelerator operation amount Acc. Since the rotation speeds
(NE and NMG) before and after the KO clutch 34 are syn-
chronized in this example, the shock due to the inertia of the
engine 12 is substantially eliminated when the KO clutch 34 is
completely engaged at the step S11 so that the torque com-
pensation by the motor generator MG is not required and,
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therefore, it is not necessary to secure the compensation
torque Ta during the motor running at the step S4. The
engagement inhibition cancelation temperature TK02 is such
a temperature that, when the engagement control of the KO
clutch 34 is provided to resume the shift to the engine running
mode, the shift can be completed before the clutch tempera-
ture TKO reaches the engagement inhibition temperature
TKO1, and is set to a temperature sufficiently lower than the
engagement inhibition temperature TKO01.

The synchronization control of the steps S5 to S9 is based
on the assumption that the engine 12 is already in the self-
sustaining rotation when the determination of the step S2
becomes NO and, if the self-sustaining rotation cannot be
performed and the rotation of the engine 12 is stopped, the
steps S13 to S15 are executed to provide the switching control
to the engine running mode after the temperature of the KO
clutch 34 becomes equal to or less than the engagement
inhibition cancelation temperature TK02 without providing
the synchronization control of the steps S5 to S9.

FIG. 4 is an example of a time chart in the case that, when
the accelerator pedal is subjected to a depression operation
during the inertia running at accelerator-OFF, i.e., the accel-
erator operation amount Acc=0, and the motor running mode
is switched to the engine running mode in accordance with the
flowchart of FIG. 3, the kO clutch 34 is released due to a heat
failure before the shift to the engine running mode is per-
formed through the synchronization control. Time t1 is a time
when the accelerator pedal is subjected to a depression opera-
tion during the inertia running at accelerator-OFF, and the
torque (MG torque) TMG of the motor generator MG is
immediately raised while the determination of the step S1
becomes YES (affirmative) in accordance with the switching
determination of switching from the motor running mode to
the engine running mode, leading to the start of execution of
the step S2 and later. Since the steps S13 to S15 are initially
executed at the clutch temperature TK0 equal to or less than
the engagement inhibition temperature TK01, the MG torque
TMG is limited to a torque reduced from the maximum torque
TMGmax by the compensation torque Ta in preparation for
the slip engagement of the KO clutch 34 during running.
When the slip engagement of the KO clutch 34 is started (time
12), the MG torque TMG is increased by the compensation
torque Ta to cancel out the shock due to the inertia of the
engine 12 and is set to the maximum torque TMGmax. When
the KO clutch 34 is slip-engaged in this way, the engine 12 is
cranked to increase the engine rotation speed NE and the
clutch temperature TK0 is increased by heat generation due to
friction. A “KO oil pressure command value” on the lower-
most part of FIG. 4 is a command value of an oil pressure for
engaging the KO clutch 34, and the actual oil pressure corre-
sponding to the transmission torque increases after a cylinder
is filled (at time 12), so that the engine 12 is cranked based on
the transmission torque (slip engagement). The KO oil pres-
sure command value being 0 means that the KO clutch 34 is in
a released state.

Time t3 is a time when the clutch temperature TK0 exceeds
the engagement inhibition temperature TK01 because of the
heat generation due to the slip engagement of the KO clutch 34
and the determination of the step S2 becomes NO so that the
execution of steps after the step S3 is started. Therefore, the
KO clutch 34 is immediately forcibly released and the drive
force is generated by the motor generator MG for running
while the synchronization control is started to substantially
match the rotation speeds before and after the KO clutch 34.
Since it is not necessary to secure the compensation torque
Ta, the motor generator MG is used up to the maximum
torque TMGmax for running. In the synchronization control,
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the step S9 is immediately executed when the MG rotation
speed NMG, i.e., the rotation speed on the power transmis-
sion path side of the KO clutch 34, is within the range of the
idle rotation speed between NEidll and NEidl2, and the MG
rotation speed NMG at this point is set as the target rotation
speed NEt of the engine 12 to provide the idle rotation speed
control of the engine 12. As a result, the engine rotation speed
NE is substantially matched with the MG rotation speed
NMG within the range of the idle rotation speed between
NEidI1 and NEidI2.

When the clutch temperature TKO0 is reduced by the forc-
ible release of the KO clutch 34 to the engagement inhibition
cancelation temperature TK02 or less (time t4), the engage-
ment control of the KO clutch 34 is resumed at the step S11 to
make the shift to the engine running mode. In this case, since
the rotation speeds (NE and NMG) before and after the KO
clutch 34 are synchronized, the KO clutch 34 can promptly
completely be engaged without the shock due to the inertia of
the engine 12 even without the torque compensation by the
motor generator MG. Time t5 is a time when the KO clutch 34
is completely engaged and the engine running mode is
achieved.

On the other hand, if the synchronization control is not
provided, since a rotation speed difference exists between the
engine rotation speed NE and the MG rotation speed NMG at
the time of the forcible release of the KO clutch 34 due to the
KO heat failure as indicated by a dashed-two dotted line of
FIG. 4, the engine rotation speed NE must be raised when the
clutch temperature TKO becomes equal to or less than the
engagement inhibition cancelation temperature TK02 and the
KO clutch 34 is subjected to the engagement control, resulting
in a shock (a drop in drive force) due to the inertia of the
engine 12. Although the torque compensation by the motor
generator MG is required for preventing the shock, the MG
torque TMG must be limited by the compensation torque Ta
as shown with the dashed-two dotted line for the MG torque
TMG in preparation for the clutch engagement after the tem-
perature drop during running. Therefore, a sufficient drive
force cannot be acquired and a driver may have a feeling of
strangeness because of an insufficient drive force.

As described above, when the clutch temperature TK0 of
the KO clutch 34 exceeds the engagement inhibition tempera-
ture TK01 that is the thermal limitation and the KO clutch 34
is forcibly released at the time of switching to the engine
running mode (the step S3), the hybrid vehicle 10 of this
example has the engine rotation speed NE controlled such
that the rotation speeds (NE and NMG) before and after the
KO clutch 34 are synchronized (the steps S5 to S9) and,
therefore, the shock (drive force variation) is reduced when
the KO clutch 34 is engaged for the shift to the engine running
mode after the temperature drop. This eliminates the need for
the torque compensation at the time of clutch engagement
and, when the drive force is generated by the motor generator
MG for running at the time of the KO heat failure (the step S4),
it is not necessary to secure the compensation torque Ta so
that the motor generator MG can be used up to the maximum
torque TMGmax for running, and a driver is prevented from
having a feeling of strangeness because of an insufficient
drive force. Therefore, the drive force can be generated by the
torque larger by the compensation torque Ta for running as
compared to the case without the synchronization control.

Since the engine 12 and the motor generator MG are
directly coupled via the KO clutch 34 and the slip control of
the lockup clutch 30 and the shift control of the automatic
transmission 20 are provided as needed such that the MG
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rotation speed NMG falls within the range of the idle rotation
speed between NEidl1 and NEidI2 of the engine 12 while the
rotation speed control of the engine 12 is provided such that
the target rotation speed NEt is the MG rotation speed NMG
in this example, the engine rotation speed NE can highly
accurately and steadily be controlled by the idle rotation
speed control device 36 etc., and the shock at the time of
engagement of the KO clutch 34 can properly be reduced.

Although the example of the present invention has been
described in detail with reference to the drawings, this is
merely an embodiment and the present invention can be
implemented in variously modified and improved forms
based on the knowledge of those skilled in the art.

NOMENCLATURE OF ELEMENTS

10: hybrid vehicle 12: engine 20: automatic transmission
(shifting portion) 30: lockup clutch (shifting portion) 34: KO
clutch (clutch) 58: clutch temperature sensor 70: electronic
control device 80: engine running switching means 82: clutch
engagement control means 84: engine start control means 86:
synchronization control means MG: motor generator (rota-
tor) TKO: clutch temperature TK01: engagement inhibition
temperature (predefined value) NE: engine rotation speed
NMG: MG rotation speed (rotation speed on a power trans-
mission path side) NEidl1: lowest idle rotation speed NEid12:
highest idle rotation speed

The invention claimed is:

1. A control device of a hybrid vehicle, the hybrid vehicle
including an engine connected via a clutch to a power trans-
mission path and a rotator acting at least as an electric motor,
the control device comprising:

a hybrid control portion configured to execute an engine
running mode, in which the clutch is engaged to use at
least the engine as a drive force source for running the
hybrid vehicle, and a motor running mode, in which the
clutch is released to use the rotator as the drive force
source for running the hybrid vehicle; and

an engine running switching portion configured to put the
clutch into slip engagement, to crank and start the
engine, at the time of switching to the engine running
mode when the engine is stopped,

wherein the engine running switching portion includes a
synchronization control portion configured to, when a
clutch temperature reaches a predefined value at the time
of switching to the engine running mode, release the
clutch and cause the rotator to generate a drive force for
running while controlling a rotation speed of the engine
to synchronize rotation speeds before and after the
clutch.

2. The control device of a hybrid vehicle of claim 1,

wherein:

the engine is directly coupled via the clutch to the rotator,
and

to synchronize the rotation speeds before and after the
clutch, the synchronization control portion is configured
to perform a shifting in a shifting portion, disposed in the
power transmission path, to make a rotation speed of the
rotator that is a rotation speed on the power transmission
path side of the clutch equal to an idle rotation speed of
the engine while the engine is controlled such that a
target rotation speed of the engine is the rotation speed of
the rotator after the shifting.
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